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Am inveetjgation was made in the T@ey l>foot free-spinning
tunnel to detez>minethe effect Of horizontal-tail -positi& on rudder .-

hinge moments in attitudes simvldi~ spinnln~ conditions. IIinge-
moment measurements were ~de on cm unlm.la.need rudder QU a rsctti@ul’ar””‘- -”
vertical tail for six positions of the horizontal tail. The hinge-
morent measurensnts were supplemenbd by tuft tests to determine the

.—

air flow about the vertical tail.

The results of this Livestigation are based on the rudder-pedd
forces of the airplane without regard.to the effeettveness of the
rudder in producing recovery from a ~in. In @n6ral, the retiults“”‘
ind.ice,ted.that a low renxward position of the horizonkal tdl gave

-.

the smallest rudder hi~e-moment coefficients, which, in turn:
indicated that the rudder shieldin~ was grenter,for this position of
the horizontel tall tb.anfor other positions. Conversely,-6 hi&’- “- “’‘“
forward position gave the largest rudde~ hin~-mo~nt coefficient8, “-
which indicated the least ruddar shielding for this horizo~a~” ‘–—
positton. The results of tuft observaticms of air flow about the
vertital.tail substantiated.theee resuitG. The rtider hi~-moment
coefficients generally decreased in MCgnitude with increased nngle
of attack for all horizontal-tail positions. The effect of rudder
deflection on rudder hinge+oment coefficient was not appreciab~y
effected by tilehorizontal-tail p06itiOns except in vOrY fb.t Sptis!
Computations of rudder-pedal forces based on the results of the
tests and upon empirical drag-coefficient de.taof spinning models
indicate that for all tail positions the highest forces are obtxdned
at the lowest angle of attack in the suin. The medal forces for
airplanes in the-light-airplane catego;y are wefi within the canabili.
ties of the pilot for all angles of attack.
the rudder may require some form of’b.elance,
exe steep.

. .-

For heavier airpla.&,
psx’ticul@rlyif the spins

,
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INWW13WCZ’ION

The problem of spin recovery is considered to be one of great
tiportance for all airplane dgsigne. Methods of obtaining effective
tail usi~ for spin rVWOVar~ Of ai.rphms Jmve been presented in
reference 1. Such tail deeigus, however effective, do not produce
rec!overyif the c~.trols ca~~t tiemoved as such movement ts

- gensrally neceeaaxxyfor recover~. Th3 control forces of either the
elevator Q??the rudder may be excessive and thus recovery may be
pravmlted. Estimations of elevator hinge mcments and the corresponding
stick forces in spins have been presented in reference 2. The present
tnveetigati.onwas undertaken to provide general information on the
pedal f’orcoain spins without regard to the effectiveness of the
rudder in prcxiuoingrecover~.

At the high a~les Of attack en~ountered with a spinning airplane
the Vo-rticaltail may be shielded by the horizontal tail, fuselage, or
wing. !!?hepr~~nt investigation provides inforn&ion on pedal force~
f~ spins with particular reference to the effect of the position of
the horizontal tail. The wake of the horizontal tail may shield the
Y@jical tail and influenca the rudd,ercontrol force - the extent, in
general, depending on the relative positions of the horizofltaland
verttcal tails.

The tests were performed in the Langley l>foot free-sp~nning
tunnel with an ud’calancedWdder and elevator on rectangular vertical
and hori.zoq’altails., Tke hlnge-moment measurements were supplemented
b~ tuft tests to detemnine the general nature of’the air flow about
the vertical tail at high angles of..attack. Six different positions
Of the horizontal tail were investigated aa well as the vertical tail
alone.

c@l?FIcnzNTsm SYMBOLS

rudder hinge-mcment coefficient (/H qbr3r2)

drag coefficient of a3rplane (D/qS)

rudder-pedal force (positive when push force is on right rudder
pedal), pounds

&udder hinge mommt (pcafltivewhen it tends to deflect rudder
to left], foot-Pmndf3

()pv~dynamic pressure, pounds per square foot ~

b
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maas density of air, slugs per cubic fmt

true rate of descent, feet per second

rudder height, feet

root+me~quare chord of rudder (rearward of hinge axis), feet

drag of airplane, pounds

wing area, square feet

Ymr.rQalgross weight of airplanej pounds -
#

total rudde~pedal tr&vel (assumed”as Q.* f%), feet .

rudder deflection with respect to fin (positive when trailing
edge is to left), degrees

angle of

an@e of
flight

angle of

attack referred to

yaw (positive when
path), degrees

sideslip (positive

chord of horizontal ta~l, degrees

.-

rmse of airplane is to right of
-. -- .- -!

when relative wind ccmes from
right of plane of s-try), degrees

rate of change of rudder hing=cment coefficient with .
rudder deflection

,,

Ch$ hate of Cha%e of rudder hinge+mment coefficient with angle
of yaw

,,
APPARATUS

A plan view and side view of the rectangular vertical and
hcxizontal tails used..forthe tests are presented in figure 1. A
.sketch of the model mounted in the Langley l>foot free-spinning
tannel with a dashed outline of a fuselage ,sketchedin far reference
is shown iQ fi~e 2. Figure 3 is a photograph of the vert$cal tail
alone mounted in the tunnel. A photograph of the tail assembly with
the horizontal tail in a typical posttion (low center position) in the
tunnel is presented in figure 4. The tailsweremade of laminated
mahogany and had NACA 0009 airfoil sections; and the elevator and
rudder chords were 33.3 percent of t~e airfoil chord. The gaps
between the movable and fixed surfac~s were unsealed. The elevator
and rudder had no aerodynamic balance. The rudder, however, was mass
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balanced so that DOnxment woqlilbe exerted on the strain gage because
of’ the we@t of the rudder.

The six tom%?.nat?.ons of the horizontal.tail mounted on the wu+ical
tail are sketched in f@re 5 and are as follows:

Positicll1: The low foswsrd posit~cm for which the chofi line of .
the horizontal tail was 1 inch above the bottcm of the vertical tail
and the eleyatar hinge line was forward of the rudder hl~e line by
approximatiel,y-~ rudder chord.

Position II: The low center position for which the chord line Of
the horizontal tail was I inch above the bottxxnof the vertical tajl
and the elevator hinge line coincided with the rudder hi~{e line.

Position 111: The low rearward position for which the chord line
of the horizontal tail was 1 inch above the bottom of the vertical Mil
and elevator hinge line was rearw~d of the rudder hinge line by 1
rudder chord.

Pof3itionm: The high forward position for which the chard line
af the horizontal tail was at a hei@t midway of the vertical tall and
the elevator hinge ltie was forward of the rudder hinge line by approxi-
mately 1 rudder chord.

Positioa v: The high center position for which the chord lino of
the horizontal tail was at a height midway.of the vertical tall and
the elevator hinge line coticided with the rudder hinge line.

Position VI: The high rewward.position for which the chord line
of the horizontal tail wac at-a height midway Ot the verjical Tail and
the elevatxr hinge line was rearw~”d Of the rudder hi~e line by 1
rudder chord.

The dimensional characteristics of tke horizonta~
tails are as follows:

Vertical tail surfaoes:
Total area, square inches . . . . , . , . .
Span, inch,es . . . . . . . . . . . . . . .
Chord, inchee. . . . . . . . . . . . . . .
Rudder root-mean-square chord, inches . . .
Aepectratio . . . . , “.. . . . . . .. .
Rudder area for positions I, II, IV,

and~, squaretnches . . . . . . . . . .
Rudder axoa for position III’,square inches

“ Rudder area for positj.onVT, square inches
Airfoil section , . . . . . . . . . . . . .

. .

. .

. .

. .

and vertioal

● ☛✎☛ 216
. . . . 18
● ,** 12
m*** 4
..9. 1.5

. . . .
● ☛✎ 65.;;

67.00
: “N~CA 0009

m

P
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IIorizwtd- tail surfaces:.- - .
‘l?otai m+ Eqtq,re. illChSS . , .’-. , . . , ., . ‘: ~. 6 .414.26
Gpan, inches o.. . .. o.. ● ’*o *$*@**** 36
Cho~*d,inches, . . . . . . . . . . . . . . . . . . .
Aapect ratio....,.. . . . . . . . . . . . . . 3.:; .
Elevator a’ea, square inches . . . . . . . . . . . . lX;.’?6
Airfoil .sect@l , .-. . . . . . . . . . . . . . . . .llkci~~

,,
Because of construction difficztities,the horizontal tail was

actually moved 4,s8 inches fozmgxl of the rudder hinge line for the
$orwani position, whereas in the rearward position it was 4.W ticks
(1.rudder chord) re&’wsrd of the.rudder hinge line.. @r the two .
roar+rardpositions Of the ho~izontel tail (posit:ona III and VI)
cut-outs were necessary in the lower and center p=hs (respectively)
of the rudder to elhw ft to sw$ng.over the stabll.izer. (See fi~. 1.)
A second rudder was conetruotmd with cut-wts for these rewwezd
horizontal-tail positions. A cut-out, made in the ele!%bn: (i’lg. 1)

Lo allow the rudder to.swinG through its @si~ed Pangef+r horizon@l-
tail positions 11 andV, was retdned for cll other tail p~sltions.-.

The elevator and rudder were held.hy a frict%c!nclr”zmat the
desired deflection on the hinGs rod, and sll def~.ecti=m wer~ set
by teuplets. The 3WCM63i” hinge mcxwmts were deasvxefl electrically
b;r a strain gage. This ~ was calihr@ed by appl;-j% a se<ies of
IQlow,lmmeilts”tothe TudLex’.

The tw~ts used to Le*mmine the #3n@r~ @ture Cf the @r.f~w..

about the vertical tail weref’ine silk threads

in length. Two rows cf tufts at approximatel~
attache~ to each side of the vertical tti.1hv
ODE row was placed alcm~ the ?in and the other
ruilder.

TEHrs

t
appruxinw.tel.y1 inches

l-inch intervals w8~.
Scotch cellulose taps;,
was placed slong the

The tests were conducted
tunnel which has a turbulence
at a dsnamic pressure of 2.66

in the Langley l=~foot free-spinning
factor of 1.78. All tests were rsde
pounds”per square *o@, which-.cori%’-”-”

ponds io en a&peed of 32.3 tiles per hour md.e~_.8Qx@ard.”&ea10VOL
conditions.

The attitude of the tail assembly was varied.to give th3 desir@
angles of attack end sides~ip.. The m~gle of sidesl.ip‘wapsim@ated. by
the enQo of yaw as shown in figuiw 2. The desired valves of sides.Up
were obhiped by yawing.the mo*l qbol~tthe s~~-bfilb:r~JCiSj which-is
perycmdicul-artothe vertically risin~ alrstream. I’kestabillty -s
are defined as en orthogonal systwn of axis in which the %xie is in
the plene of symmetry and perpondlcular to the relative wind, the X-axis
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plane of symmetry and pgrpendic@ar to the Z-axis, and the
perpendicular to the plane of symaetry. w

Hinge-Moment Tests

In order to stiulate spinning conditions for tho hhge+mment teds,
the model was tested throughout an angl+of-attack range from 0° to 90°
in 10° increments and through a yaw range of 30° to -30° in 10° incr~
ments. The angles of yaw as set on the rrlcxielmay be interpreted as
angles Of sideslip that would be encountered at the tail of an alrplnne
in a spin. ‘I’heactual angle of sideslip is equal in magnitude to the
angle of yaw but has the.opposite sign. T* angle~ of attack as set
represent the angles of attack of the stabi~~.zerand noliangled of attack
of the vertical tail as an airfoil. The rudder at each a@e of attack
and yaw angle was deflected.from 0° to 30° in 1.OOincrements. For the
foregoing conditions, the vertical tail was tested with the hcrrizontal
tail in each of the six positions ati also with the horizontal tail
removed. The elevator deflection was zeyo for all tests.

. . -.

AEIthere was no fin offset, results obtained with a positive rudder
deflection may also be considered as representative of negative rudder 8
dbf’lectionprovided the hl~e-moment coefficient signs are reversed.
Eaoh conf?lguration,therQfore, represents a spin with the rudder set
either’with m against the spin. For example, a negati~e angle of yiw t
with left rudder may he considered as representative of outwerd sideslfp
in a left spin vith rudder with the spin or of Inward sideslip in a r~.ght
spin with rudder against the spin. Similarly, a positive angle of yaw
With left rudder may be considered as representative of outward sideslfp
In a rl& spin with ruddetiagainst the spin”or of inwtird”eideslipin a
left spin with rudder with the spin. Table I shows in detail how the
varieus figures may be interpreted for a right or left spin and how the
angles cf yaw may b. Interpreted to represent sldeslip.

~uft Tests

Tuft tests were made on the vertical tail for various positions &
the horizontal tail and for the .conditionwith the horizontal tail
removed. These tests were arbitrarily made at angles of attack nf OO
10°, 20°, 50°, and ~“ and for angles of yaw of O and -l~” when-the

s

horizontal tail,was installed and for O“.and a20° when the horizontal
tail was removed.

CORRECTIONS

No corrections were made .for tlie effect of the
tail surfaoes as the size of the surfaces was small

tunnel walls on
cconparedt’tithe

the

r F
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diameter of the tunnel and the corrections would therefore he negligible.
Strut interference effects have also been neglected. At first the
rectangular wooden arm which supported the vertical tail (fig. 3)
was e~ected to cause an increase in the effective aspect ratio of the
vertical tail. The hinge+amwmt tests with the horizontal tail removed,
however, gave cmfficients of the order expected.for a rudder on a tail
of aspect ratio 1.5 es commuted exclusive of the sw.morting member which.- —
indicates negligible intez+erence effects.

RESUUTS AND DISCUSSION

Rudder Hinge Mommts,

Rudder hinge+uoment coefficients obtained
vertical tail in various combinations with the

from tests of the
horizontal tail sx’e

premnted in figures 6 to 14. In order to show the shielding effect
of the horizontal tail on the vertical tail, the hinge-moment coef-
ficients obtained from tests of the vertical tail alone have been
plotted on these SEEM fi~es. The analysis of these data is baee&
on aerodynamic forces on the rudder withoti,regard to any frictional
or centrifugal forces that may east on the airplane control surfaces

in a spin.
.

Effect of tie of at+jackon rud~r ~n Re-momerrtcoel?fiQg@&-
The variation of rudder hinge+n~nt. coef~icient with angle of attack
for various positiqns of the horizontal tail and with the horizontal

-tall removed are presented in f@res 6 to 9. The rudder hi~-mommzk
coefficients for all ~ositions of the horizontal tail d&ireased in”
_t* from those for the vertical tail alone; this amount”of
decrease increased, in general, with angle of attack. The cogffic_ient~
changed with angle of attack so that they generally approached the line
of zero hinge+noment coefficient et very high angles of attack.

Zn a very few cases the hinge-moment coefficients of the rudder
in the presence of the horizontal tail changes sign from those of the
rutibr alone. !l%istendency is analogoug to overb@ancing in that the
rudder tends to f lost in the directton opposite to that expected.

h general.,the high forward position of the horizontal tail
(position IV) led to the highest values of rudder hinge+aamnt coefficient,
whereas the low rearward,position (position IZI) led to the lowest values.
These results indicate that position IV produced the leqst.rudder”shielding

. or blanketing effeet, whereas position,.KC produced the most shielding.
The shielding effect of the horizontal tail on the vertical tail was”‘-l
at low azzglesof attack (0° to 10°) but increased as the sngle of att”ack
increased. The ralative dii’ference in the shielding effect caused by
tail position was small at low angles of,attack (0° to 20°) but generally
increased as the angle of attack increased up to angles of attack of
about 80°, beyond which the relative clifference tended to decrease a@in,
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Effect of rudder deflecti~n on rvdder hinre-momenb coefPicientf3.-
The variation of ~dder hfi~+oment coefficient with rudder defloctlon
for various engl.esof yaw is presented in fj.gures10.to 12, These
figures are cross plots of figures 6 to 9 for a range “ofangles of yaw
most commonly encountered in spins. The slope Ch w~s not greatly

~r

affected by the installation of -thehorizontal tail on the vertical tail
or by the various positions of the horizontal tail at low and moderate
angles of attack but decreaeed negatively an appreciable amount at high
angles of attack (600 and $0°) which simulate the conditions for very
flat spins.

Effect of yaa~n rudibr hin~e.+nomentcGefficien~.- The variation
of rudder hfnge+oment coefficient with an@o of yaw for rudder deflec-
tions of 0° and 30° is presented,in figiieu 13 end llJ. The specific
rudder deflections of 0° and 30° were chosen to represent neutrcd-md
full rudder deflection fn a spin. These fi@res were oltained by cross-
plotting from figures 6 to 9.

~0 S1OPS Ch
+

was not appreciably affected by the inst+ation
.

of horizontal tail at low angles of attack. Xn the normal sp~g
range of angle o’fattack (30° to 50°) and for hi@ zmglos of attack,
hawever, there was a marked change in the slopes. As previously indicabfi~ .
the slope char yae not.affected in the normal ,rengeofiangle of attack.

Thereforo, the direct effect of shielding of the rudder by
tail in the normal spinning range of angle of attack is to
VdUSS. Of Ch .

+

the horizontal
change the

Tuft Te&ts

Some indication of the shielding effect of the horizontal tail on
the vertlml tail was obtained from tuft observations, The results of’
the tuft”tests are presented in fi@res lS tQ ?l. The photo@aPh& @ve
some indication of the shielding effect-of the horizontal tail on th~ .
vertical tail
moment tests.

The’
13s*hate.
airpltie
che tail

and in general substantiate the r6sults

Application of Hin~e-Mom&t Data

of tQe hin@-

hinge-moment coefficients presented herein ny be used to
the.rudder-pedal forbes %quL-ed to reverse the rudder on an
in a spin, provided ”thatthe angle of attack and sf~slip at *

are lomwn. The rudder-nedal force Is. .
8rJr.

F = ChqGr2br -
l&12r

e—.



*.

w

~CATN No. 1337 9

In a steady spin the weight of an airplane equals its drag; therefore,

w =n=C-J-Jqs —.-
er

q
WA

‘cD

The variation of drag coefficient with angle of attack for a spinning
airplane is g~.venin figure ,22. This curve was deterndned fimn an average
of experimental values obtained from spin+mnnel tests of numerous models.

.
--- .-

In order to illustrate this method of ccmputix the rudder-pedal -
f~ far a ~peolfts designj ~ following example is given. Consider
an airplsne-tha% hem a tail ctij.guration similar to the M@ rearward

. poaltion-of the horiz$wxta.1tail (position VZ), a mrmalgross weight of ~@OO

(pOUnds,-.aWLi3g..ereaof ~ square feet ~ = 29.6 lb/sq ti), and a vertical

tail a-a tK”2~.equare f8et. A13sumatkit the airplane is s~inning to the
-.

P
ri a% an-altitude bf 15,000 feet at Sn angle of attack of 30° with
2 outward sidesllp at the tail and that the rudder is deflected 300
against the spin. From figure 22, the drag coefficient is found to be
0.T4. The rudde&pedal force can nuwbe @termlned. The total pe~al “-
“travelis assumed to be O..* feet and the total rudder deflection, 60°.
The rudder dimensions are.assumed to be proportional to those of the
mcdel used.in the current tests “(br,6.= f% and Grj 1.36 ft). Fr~
table 1, if the airpl.aneis assumed to be in’s right spin, the rudder
30° ~ the spin, and the sideslip 2do outward, the fi~e that
applies to this condition can be.determined. In this case, the figure

1is 9(b) ”andthe value of the hinge-mcment coefficient is-O.2S5. Thus,
substituting this value in the force fcnnmla (equaticn (1)) gjves a

..-

~pedal force of -222 pounds. This push force is that which is
required 9S the left pedal to move the rudder fully against the spin.

In order to determine the magnitude of the ruddew-pedal forces ‘
likely to be encountered with airplanes in a spin, computations have
been made for three representative sizes of airplanes for different
horizontal-tail positions and for the vertical tail alone. The airplanes
represented are Iight+irplane, fighter, and light-bomber +iypes. Weights
of 1500, 10,000, and 20S000 pounds were chosenj respectively for t~hese
t~es. The wing areas used for the three types were >65,”305, and 475
square feet, respecti%dy, and respective vert”icaltail areas of”U-.Oj
28.5, and 55.5 square feet were used. These areas were det&rmin6d fran
an average of areas for numerous airplane designs tested in the spin
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tunnel. ‘lb proportions of the vertical.tail and rudder were assumed.
to be proportional to those of the model used for tl$ecurrent hinm- .
moment tests, For these co?nplrtations,the angle of gideslig assumed
was zero, the rudder deflection used was 30°, and the value of p Va%
srbltrarfly teken at en altitude of 15,000 feet. The reault8 of the
computations are plotted.on figure 23.

For airplanes in the light-alrplsne category (fig. %3(Et)), it
appears that, for aqv positi~ of the horizontal tail or for the
vertical tail alone, the rudder-Fedal force re~uired to set tho rudder
against the spin in no case exceeds 140 pounds. This force Is much
smaller than the maximum of approximately 400 pounds that a pilot can
exert on a rudder pedal. (See reference 3.) Fi~e 23(a) also indicates
that the horizontal-tail position ef..ects the rudd.er-pedal. forces of
light airplanes only slightly, because the maxi?numforce for any
horizontal-tail position or for the vertical tall alone is relatively
IWJall● Only one curve was drawn through the numerous points for the
vexious positions of-the horizontal tail.in this particular fignre.
Thus, for a light airpl.anoit seems that the rudder-pedal fcx?ces
encountered in spins should he well within the capabilities of a pilot
regar&less of horizontal-tail posttion.

For Mrger and heavier airplanes (i?ig. 23(b) and 23(c)) the pedal.
force Is shown to be. larger at any given angle of attack becemse of the
lerger contrQl surface and because of the increase in rate of doscont
in the spin.

If–a fighter airplane upfns at en angle of attkck of 30° or @eater
(fig. 23(b)), or if a light bo?nborairpl~e spins at en an@e of attack
of 50° or ~eater (fig. 23(c)), the rudde%pedsl force necessary to
reverse the rudder at these attitudes should be within the pilot’s
capabilities. Below these respective angles of attack, however, some
type of rudder-balance or booster system mav be used to overconm the
excessive forces. For exam le.,

~
in fi~e 23(c)’ a li@t bomber, spinning

at an angle of attack of 30 with the horizontal tail in the low rear-
ward position. (position III), ,musthave at least 30 percent of tti”
U%alanced rudder force lmla.needout in order to brf~ the pedal forces
within the limits of the forces that the jilot can exert.

In general, from ansngle of attackof 10° to 40° (;ig. !23(b)and
23(c)), the force gradient for all horizontal-tail positions was very
steep, which indicates that a small change In angle of attack led to a
large change in pedal force. This result may be taken as an indication
that, as the angle of attack decreases during the recovery, th~ pedal
force required to maintain the ruddem.full a~insb the spin increases.
The low rearward position (position III) o: the horizontal tail, in v
general, required the smallest pedal forco to reverse the rudder f’uU$-
or to maintain it full against the spin for any Given engle of attack,

r

,
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whereas the high forward position (posit:.cnTV) required the largest
force. Spin+mnnel results hav6 indicated that, for the low rea~ard
positions of the horizontal tail the ruikkn”m-Y be ineffective in
produciziga recovery and, for high farward positions of the lm’lzontal
tall, the rudder is generaUy effective in -producinga recovery. ‘Thus,
for high foiward positions of the horizontal tail ~intaining the rudder
full against the spin may not be necessaty to obtain a satisfactory
recovery, and such horizontal--tailpositions may therefore not necea— .-

sarily require large pedal forces fozzsatisfactory recoveries.

CONCLUSIONS

The results of the investigation to de~ermine the effect of
horizontal-tail position on the rudder h~,nge-mment coefficients”hnd

—

pedal–force characteristics of an unbalanced rudder with rectmgular
plan form in attitudes simulating spin conditions ind:cate tho folkwipg
general conclusions withcut regard to. the ef$’ectj.veness of the rudder
in producing a reccvery:

1. The low rearward position of the horizontal tail ga?9 the
smallest rudder hinge+mnent coeffj.cientsand pedal forcee, which thus /

indicates that the shielding effect of this position was large retiti+e
.——

to the other horizontal-tail ‘positions. Conversely, t:lehigh forward
pcsi.tiongave the largest hinge-mouent coefficients and padal forceg “/
which indicates that the relative shielding effect of this position wqs
small, Tuft observations substantiated these relative shielding effects.

2. The rudder hinge-moment coefficients generally decrease! with d
an Increase in angle of attack for all horizontal-tail positions.

3. ~he rate cf change of the rudder hinge+noment coefficient with
rudder deflection was Dot appreciably affected by the horizontal--tail J
position except in very flat spins.

4. The rudde~pedal force for a Ught airplane for recovery from
a spin should be well.within the capabilities of the pilot. For heavier /
airplanes, the rudder may require some form of balance, particularly if
+he spins are steep.

w
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5. The pedal force reqtired for fl~ ~’udderrwergal for recovery ~
from a spin increases rgpld...yas the airpbme angled’ attack in t~ ~
spin decreases, espec%lly at relatively low @es of attack.

Langley Memorial Aeronautical Laboratory
Ne,tionelAdv~sory Committee for Aeronautics

Langley Field.,Vs., Wch 26, 1947

1. Neihouse, Anshal 1., Liechtenstein,Jacob H., and Pepoon, philip M.:
Tail-Design Ilequirementsfor Satisfactory Spin Recovery. NACA
TN No. 1045, 19&6.

2. Seidman, Oscar, and.Klinar, J. W.: Elevator Stick Forces in Spins
as Computed from Winti-Tmnel Measurements. NACAARR, Oct. 1942.

3. Gough, M. l?.,and13eard; A. P.: Limitations of tm pilot In
~~plyi~ Foroes to Airplane’ Controls. N~CATN Ho. >50~ 1936.
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TKKIIE I

1~ ATION OF RUDDER HINGE-MOMENTCOEFFICIENTCURVES FOR RIGHT

OR LEFT SPIN

Rudder
dotlection, Sr Direction of ~ideslip (right spln)b

With spins o Inward Outward ..- --- ---

Neutral -.. . ..- --- 0 Outward Inward
—.

Against spin o outva~a Inward --- --- ---
1

Directjonof sideslip (left spiu)b

With spin o Inward Outward “-. --- 1 ---

Neutral ---- .-. --- 0 Inward Outmrd

Against spins o Outward Inward --- --- .-.

T(d) T(a), (b), (c)

1

7(e), (f), (g) 6(a) 6(a), (b), (c),
Read Ch

6(e), (f), (g)
8(d) 8(a), (b), (c) 8(e), (f), (g)

frcm figs.- 9(d) 9(a), (b), (c) 9(e), (f), (g)
—

aSign of rudder hinge-moment coefficient, deflection, and anglo of yaw must be reversed
for this condition.

bSidesli? at tho tail of tho
$ preaeated in figures.

COMMITTEEFOR AERONAUTICS
g

.
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Figure 1.- Plan and side views of the rectangular vertical and
horizontal tails. Dimensions are full scale.
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Fig. 2 NACA TN NO. 1337
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Figure 2.- Horizontal and vertical tail in attitude simulating spin with r
- fuselage of airplane sketched in for reference. Arrows indicate

direction of positive values of angles.
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Figure 3.- Verticaltailmounted inLangley 15-footfree-sphming tunnel.
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NACA TN NO. 1337

Vertical tail

f

L
Horizontal tail

Position I
(low forward)

Position II
(low center)

Position IV
(high forward)

Position V
(high center)

Rig. 5
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(low rearward)

Position VI
(high rearward)

NATIONAL ADVISORY

COMMITTEEFORAERONAUTICS

Figure 5.- Sketches of vertical tail in six combinations with
horizontal tail.



Fig. 6a,b NACA TN No. 1337
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Figure 6.- Rudder hinge-moment coefficient as a function of angle
attack at 5~ = 0° for various angles of yaw and positions of

horizontal tail.
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Figure 6.- Continued.
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Figure 7.- Rudder hinge-moment coeHicient as a function of angle of
attack at 6r =“10° for various angles of yaw and positions of

horizontal tail.
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Figure 7.- Concluded.
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Figure 8.- Rudder hinge -moment coefficient as a function of angle of
attack at 6r = 200 for various angles of yaw and positions of

horizontal tail.
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Figure 8.- Continued.
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NACA TN No. 1337 ‘“ Fig.9a

Figure 9.- Rudder hinge -moment coefficient as a function of angle of
attack at 5~ = 33° for various angles of yaw and positions of
horizontal &l.
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Figure 10. - Rudder hinge-moment coefficient as a function of rudder
deflection at v = 20° for various angles of attack and positions
of horizontal tail.
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Figure 11. - Rudder hinge-moment coefficient as a function of rudder
deflection at w = 0° for various angles of attack and positions
of horizontal tail.
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Figuxe 12.- Rudder hinge-moment coefficient as a function of rudder
deflection at v = -200 forvarious angles of attack and positions
of horizontal tail.
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